F
OR THE PAST 100 YEARS, MEDIcine in the United States and other industrial nations has become increasingly focused on specific medical interventions designed to improve the health of individual patients.
1 , 2 However, McKeown 3 and others 4 have demonstrated that effective interventions such as antibiotics and immunizations became widely available only after 1940 and, as such, cannot account for the earlier dramatic reduction in premature mortality among populations in England and the United States, which began in the late 19th century. Instead, widespread improvements in nutrition and public health are probably responsible for much of the population health gains during the past century, including reduced infant mortality and increased life expectancy. [5] [6] [7] [8] [9] More recently, public health leaders have called for a renewed focus on the social determinants of health as the key to improving the health of populations. 10, 11 In a recent analysis, Brosco et al 12 examined the historical epidemiology of intellectual disability (ID). As deaths among infants and children have become increasingly rare during the past half century, mortality rates have become a less sensitive measure of population health. Because it is related to numerous genetic and environmental factors, ID may be a more useful indicator of population health in the United States. To understand this indica- tor, we chose the period since 1950 because that decade marked the beginning of a critical period for the development and dissemination of new policies in the United States designed to reduce the burden of what was then called "mental retardation." Inspired by family advocacy groups and spearheaded by the Kennedy administration, state and federal government agencies invested in research and public health programs designed to provide specific medical intervention, including universal newborn screening programs for conditions such as phenylketonuria and hypothyroidism. Antibiotic treatment reduced cases of congenital syphilis, vaccines nearly eliminated the birth of infants with congenital rubella syndrome, and various treatments of Rh incompatibility decreased the incidence of ID caused by hyperbilirubinemia. Together, these medical interventions prevented approximately 16.1% of the number of cases of ID that would have occurred without specific medical intervention.
In the next phase of this research, we explored a corollary research question: Did any medical interventions add to the number of persons with ID during the past half century? Throughout this period, spectacular advances in surgical techniques and in critical care medicine, especially among neonates, have saved the lives of many infants and children who otherwise would have died. Some of these children have gone on to meet criteria for ID, raising the possibility that medical science may also have unintentionally increased the number of children with ID.
METHODS
Our study consisted of 2 main steps: (1) identification of candidate conditions and (2) estimation of a condition's contribution to the prevalence of ID since 1950.
STEP 1: IDENTIFICATION OF CANDIDATE CONDITIONS
We used data from the most recent epidemiological research on the etiology of ID to identify medical conditions commonly associated with ID. We then determined which of these conditions met all 3 of the following criteria: (1) the condition contributes significantly to the current prevalence of ID (ie, at least 1 peer-reviewed epidemiological study between 1950 and 2000 suggested that the condition is associated with at least 1% of cases of ID in the general population); (2) medical treatment or technology for the condition was introduced between 1950 and 2000; and (3) the medical treatment or technology was demonstrated in at least 1 peer-reviewed study between 1950 and 2000 to significantly reduce condition-specific mortality. We considered premature birth as one such condition, defining it as low birth weight (LBW), or a birth weight less than 2500 g. (In 1950, nearly all states began to include birth weight data on the certificates of live birth; data on other measures of prematurity, such as gestational age, were not consistently available during the study period. 
STEP 2: CONTRIBUTION OF CONDITION TO PREVALENCE OF ID
To estimate the change since 1950 for conditions identified in step 1, we used data gathered from existing epidemiological resources to create a 5-decade analysis of the prevalence of ID in children. Methods are described in a previous publication. 12 In brief, we defined ID as a score 2 SDs below the mean on a validated test of cognitive ability. We then used a common set of variables to construct estimates of the condition-specific prevalence of ID since 1950, including incidence and natural history of the condition, the efficacy of the intervention, and the population-wide availability of the intervention. We intended to use these data to estimate the population-attributable risk of each condition to the lifetime prevalence of ID.
To adjust for the effect of changes in treatment-associated mortality on incidence of ID, we conducted a comprehensive literature search for any peer-reviewed studies or review articles on each selected condition that included death as an outcome. To ascertain the association between the condition and ID, we conducted a comprehensive literature search for any studies on each selected condition that included a standardized measure of cognitive ability as an outcome. Because ID is difficult to assess in early childhood, we excluded studies of children who were not evaluated after their sixth birthday. To avoid undue selection bias, we also excluded studies with an attrition rate greater than 30%, studies that excluded low-performing students, and studies that reported results based on cohorts included in other publications.
RESULTS

STEP 1: IDENTIFICATION OF CANDIDATE CONDITIONS
The results of step 1 are listed in Table 1 . In 3 large population-based studies, children born with LBW (Ͻ2500 g) contributed the largest percentage of all patients with ID (10%-15%). [14] [15] [16] The neonatal intensive care unit (NICU), an intervention listed in Table 1 , includes a broad set of perinatal critical care practices for neonates that have emerged since 1950, with both developments specific to neonatal care, such as intrapartum steroids, positive pressure ventilation, surfactant, and hyperalimentation, and more general medical advances, such as antibiotics, transport systems, and red blood cell transfusions. 17, 18 Hypoxic or ischemic birth and perinatal accidents accounted for approximately 5% of cases of ID, and such perinatal events are treated by many of the same interventions as the LBW group. Given changes in terminology for perinatal events, however, as well as emerging ideas about the etiology of ID in such cases, it is not possible to estimate the change in the prevalence of ID caused by perinatal events since 1950. One other candidate condition, meningitis, contributed significantly to the current prevalence of ID (2.1%). As reported elsewhere, 12 however, improved meningitis treatment contributed to a significant and remarkable decrease in ID between 1950 and 2000.
STEP 2: CONTRIBUTION OF CONDITION TO PREVALENCE OF ID
The incidence of LBW first peaked in the mid-1960s (8.3%) and then reached a nadir in the early 1980s (6.7%) before beginning to increase in the past 3 decades. 13 A total of 8.18% of live-born neonates in the United States were of LBW in 2008. 19 Mortality rates for LBW infants have declined re-markably in the United States, from more than 90% to less than 20% among those with the lowest birth weights.
20-24
Regarding ID as an outcome of LBW, 29 of the 82 published studies reviewed met inclusion and exclusion criteria. The results are shown in Table 2 . Since 1950, the prevalence of ID in LBW individuals has ranged between 2% and 27%, and ID is correlated with birth weight. Given the variability in LBW outcomes since 1950, valid estimates of population-attributable risk for the relative contribution of NICUs to the lifetime prevalence of ID could not be performed. Although ID outcome studies in LBW infants appear to be comparable, variability in inclusion criteria (eg, birth weight) and tests used (including consideration of the Flynn effect 25 ) make it inappropriate to apply outcomes from single studies to whole populations across several decades.
DISCUSSION
We were unable to estimate with any precision the independent contribution of specific medical interventions to the prevalence of ID. Nonetheless, our study revealed that, among the medical technologies introduced between 1950 and 2000, NICU treatment of LBW infants is the most significant contributor to the increased prevalence of ID. In the first third of the 20th century, the predominant causes of ID were infections and metabolic conditions, 12 and infant mortality was greater than 100 deaths per 1000 live births. 26 By 1960, overall infant mortality dropped to 23.3 per 1000, yet remained high for LBW infants, ranging from 899.1 for birth weights of 500 to 999 g to 61.0 for 2000 to 2499 g. 20 Since 1960, infant mortality rates have declined for all groups, most dramatically for the smallest infants, while the number of LBW infants has increased. These trends led, by the year 2000, to an association with LBW in approximately 10% to 15% of children with ID.
Several limitations reduce our ability to assess the relative contribution of NICU technology to the incidence of ID. There have been no large population-based studies of the etiology of ID in the past decade, so it is possible that very recent advances in NICU care, such as improved ventilation technique and attention to the neonate's developmental environment, may have lowered the contribution of LBW infants to the overall prevalence of ID. On the other hand, aggressive treatment of infants born at still earlier gestations may have increased the prevalence of ID. The data from our study also do not allow us to distinguish between LBW and prematurity or to accurately attribute the contributions of infants with the lowest birth weights. Finally, our study cannot exclude the possibility that some other factor has led to an increase in ID among LBW infants and that the interventions used in the NICU have actually prevented what would have otherwise been a greater increase in the prevalence of ID.
The traditional goals of medicine have been to reduce mortality and to reduce suffering, whereas the goal of public health is to improve the aggregate health of the population. As deaths among children have decreased dramatically during the past century, developmental and behavior outcomes have become more sensitive indicators of child health. Our use of ID in this study as a measure of population health is not meant to diminish the value of the life of a person with a developmental disability, nor do we impugn the dedicated professionals whose remarkable work in NICUs has saved thousands of lives; in contrast, we seek to explore the limits of the biomedical model. This study has several policy implications. Reducing the incidence of LBW, particularly premature birth, has been a focus of US public health efforts for decades, involving the concerted efforts of public health professionals, epidemiologists, maternal and child health practitioners, preventive care specialists, policymakers, advocates, and researchers across many fields. Similarly, research will continue on how to improve longterm developmental outcomes through NICU practice as well as early developmental intervention after hospital discharge. This study highlights the need to continue pursuing these established policy objectives.
This study and related work also reveal the need to reexamine our nation's century-long focus on specific medical interventions, as opposed to social or public health interventions, as the key to improving child and maternal health. For example, there is evidence in the United States and internationally that broad social interventions, such as environmental lead abatement 27, 28 and improved nutrition, [29] [30] [31] have done more to decrease the prevalence of ID than specific medical interventions. Differences in preconception risk factors, including substance abuse, continue to exacerbate health disparities. 32 During the past decade, several authors 33,34 have called for a "public health approach" to studying ID, concluding that socioeconomic status markers, such as maternal education, must be addressed to confront the continuing high rates of ID in the United States. Both the general association between poverty and ill health, 35 as well as the specific association between ID and maternal factors, 36 have been known for more than a century. The challenge of the 21st century will be to address the factors that improve developmental outcomes for all children. 
